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1. Operational NWP systems at GeoSphere

All NWP systems (AROME-Aut, C-LAEF, AROME-RUC) operated by GeoSphere Austria (formerly ZAMG) are currently

based on AROME. Since 2019, C-LAEF has been running on the same resolution as AROME-Aut (2.5km/L90). The C-

LAEF control run and AROME-Aut are running with an identical setup on two different HPC platforms, such that the

C-LAEF control run can be used as a backup for AROME-Aut, if necessary.

The last upgrade of C-LAEF took place in September 2023 with the main changes being:

• Model physics perturbation scheme: The hybrid perturbation scheme (acting on tendencies and selected

parameters) was replaced by a pure stochastic parameter perturbation scheme (SPP)

• Ceilometer observations: Cloud cover observations (converted to RH) were introduced into the ensemble

3DVar system. Tests have shown that these observations can improve low stratus forecasts during autumn

and winter.

The rapid update system (AROME-RUC) is running on higher resolution (1.2km) and uses significantly more

observations than AROME-Aut/C-LAEF. Table 2 lists all observations currently integrated into the assimilation

system.

3. ARA – high resolution Austrian Re-analysis ensemble 

with Arome

The high resolution Austrain Re-analysis ensemble with AROME (ARA) aims to generate a limited area ensemble

reanalysis data set with a spatial resolution of 2.5 km and 90 vertical levels.

Based on the operational C-LAEF system a 10+1 Member reanalysis ensemble is created with a 3-hourly assimilation

cycle. Coupling files are created from ERA5 data set with a time resolution of 3h for the perturbed member and 1h

for the control run. The system runs on ECMWF ATOS-HPC system targeting to cover the time span from 2013 –

2023. Further details can be found in the ACCORD-NL No. 5 (Creation of high-resolution Austrian regional

reanalysis ensemble with AROME, Awan et al.).

4. 3D-EnVAR

For C-LAEF we test different options with 3D-EnVar approach (Montmerle et al. 2018) of AROME on the AROME-Aut

domain (see table 1). As the number of EPS members in C-LAEF is rather limited we tried C-LAEF lagged (2x16+1+1)

vs downscaled lagged ECMWF-ENS (2x16+1+1) vs a combination of ECMWF-ENS and lagged C-LAEF 34 LAM +16 global

members in a single obs and multi obs experiment.

The increments in Fig. 4 show some flow dependent deformation in case of 3D-EnVar and for low model level also

some impact of orography while mostly isotropic structures as expected in 3D-Var. In case of application of global

EPS instead of C-LAEF the increments are more similar to 3D-Var, but still some flow dependency can be seen.

Interestingly, also the sign of the single obs increment changes. In the mixed EPS (Fig. 4 right) an in-between

solution is achieved. As we struggled with stability using pure lagged C-LAEF EPS we chose the hybrid EPS approach

for a deterministic C-LAEF 1k 3D-EnVar parallel experiment in autumn 2023. Localization was set as proposed by

Voigt for AROME-FR code version cy46t1. Even if some scores like T2m bias (Fig. 5) were promising the overall

performance regarding clouds and humidity compared to 3D-Var was not.

For further studies regarding 3DEnVar we will

move to cy48t2 also allowing VARBC application.
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2. Towards C-LAEF 1k

As one of the major upcoming upgrades, the new “C-LAEF 1k” system is being developed for operations starting in

2025. From summer 2023 until February 2024 a full 16+1 member suite of C-LAEF 1k was running as Esuite on

ECMWF ATOS-HPC. The integration domain covers the same area as the current operational systems, which

results in a horizontal grid with 1489x1500 gridpoints. The C-LAEF 1k Esuite includes all features regarding

perturbations and observations used in the assimilation scheme as the operational C-LAEF system but only the 00

UTC run was implemented with a forecast range of +60h while all other runs were only calculated up to +3h.

From October 2023 until end of January a second control member where 3D-Var was replaced by 3D-Envar (see

also section 4) was included int the Esuite. Overall performance of the C-LAEF 1k Esuite was comparable to

operational C-LAEF. For most parameter the performance of C-LAEF 1k was similar to operational C-LAEF

(example for 10m wind speed in Fig. 1). For more details see talk of Clemens Wastl (LA CE EP S a ctivitie s ).

Fig.1 :  In te gra tio n do m a in  o f th e  n e w C-LA EF 1 k s y s te m  a n d s p re a d/s kill o f 1 0m  win d s p e e d fo r C-LA EF  (CLA EF_OP ER) a n d C-LA EF 1 k)

Figu re  3: A ccu m u la te d p re cip ita tio n  fo r th re e  s e le cte d e xtre m e  p re cip ita tio n  e ve n ts . T o p  ro w:  G ridde d o b s e rva tio n a l re a n a ly s is  
IN CA , b o tto m  ro w:  A RA  re a n a ly s is

Figu re  4:  In cre m e n ts  fro m  m u lti o b s e rva tio n  e xp e rim e n t (a b o u t 540h P a  a t th e  to p ) a n d s in gle  RH2m  o b s e rva tio n  a t Kla ge n fu rt (b o tto m ; lo we s t m o de l 
le ve l) o n  6th N o ve m b e r 2023 06 UT C. 3D-Va r, C-LA EF  la gge d 3D-En Va r , p u re  a n d m ixe d C-LA EF+ECMW F-EN S  (fro m le ft to  righ t).  

Figu re  5:  T 2m  b ia s  (le ft) a n d RMS E (righ t) fro m  1 m o n th  3D-
Va r (y e llo w), 3D-En Va r (vio le tt) C-LA EF1 k co m p a ris o n . G re e n  
is  o p e ra tio n a l 2.5km  co n tro l ru n .
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Figu re 2:  S ch e m a tic re p re s e n ta tio n o f A RA  re a n a ly s is s y s te m a lo n g with th e e xte n t o f ta rge t m o de l do m a in , a n d e xa m p le  o f s ta tio n  o b s e rva tio n s  
a n d 3D o b s e rva tio n s  fro m  A ircra ft u s e d with in  3D-Va r.
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